-2-An alternative procedure was devised utilizing a high pressure hydrogenation bomb. In this manner the methyl borate could be kept in contact with the calcium hydride at elevated temperature. The bomb was filled under nitrogen in a dry box and a few steel balls added to facilitate mixing. The sealed bomb was heated slowly and a temperature-pressure curve was plotted. A definite break in this curve occurred at a point corresponding to 255°C and 950 p.s.i., indicating the evolution of a gaseous product, A second temperature-pressure curve was obtained from another sample; however, the break occurred at 330°C. Since the conditions were presumably identical, no explanation can be advanced for this change in the temperature of the break in the pressure curve. Qualitative examination of the gas established that it was probably hydrogen; there was no indication of the presence of borohydride in the solid remaining. Determinations of active hydrogen by evolution in both 6 N HC1 and 0.1 N NaOH gave essentially the same results. Assuming that calcium borohydride is stable in 0.1 N NaOH, all active hydrogen is thus accounted for by the excess hydride. Attempts to separate the product by extraction with dioxane, diethyl ether, and isopropyl amine were unsuccessful. The next approach was to carry out the reaction as described above, except under hydrogen pressure. Several runs were made with different hydrogen pressures up to 350^ p.s.i. In each case, a white fluffy solid product was obtained. Solvents known to dissolve other borohydrides such as diethyl ether, isopropyl amine, -and tetrahydrofaran, were used in attempts to extract any calcium borohydride that may have been formed.
Nothing was extracted by the above solvents, although the product reacted slowly with water to evolve hydrogen. Addition of hydrochloric acid to the water solution caused further evolution of hydrogen. The product was insoluble in 95$ ethanol, and decolorized iodine in absolute methanol, a <"•'"' "'•> reaction characteristic of borohydrides. The desired reaction had apparently proceeded to some extent, even though a pure compound was not separated. A number of runs were made at 280°C. with and without hydrogen pressure, both with excess hydride and excess methyl borate. Using liquid ammonia as a solvent, small amounts of product were isolated from crude products made with excess hydride. This product was contimainted with residual ammonia. It was slightly soluble in water without decomposition; however, it was decomposed rapidly by hydrochloric acid with hydrogen evolution.
The molar ratio of B/Ca was 2,1, although a complete analysis was not successful.
The liquid ammonia extraction procedure was modified by the addition of a second solvent before evaporation, tJhen trimethyl amine was added to the ammonia solution, a white solid precipitated along with the formation of two liquid layers. The solid was approximately 1% calcium borohydride and another product obtained by evaporation of the liquid layers was approximately 10J& calcium borohydride (determined polarographically), Some of the crude products from the bomb were extracted with 0.05 N sodium hydroxide. Sodium borohydride is fairly stable.in this medium, and it was thought that perhaps calcium borohydride is also stable. These solutions were polarographed and the identification of the anodic wave obtained as due to the oxidation of borohydride ion is fairly certain.
Rough calculations of the amount present indicated a maximum yield of about k% of the theoretical amount of borohydride.
Further experiments were made using 99$ pure calcium hydride as a starting material. The yields were not increased, although the higher purity of the hydride was probably offset by the larger size of the particles.
Another experimental approach was attempted, using a combustion tube packed with calcium hydride. Gaseous methyl borate carried by a stream of hydrogen could be passed rapidly through the hydride at temperatures higher than those used previously in the bomb. Two runs were made with the temperature held at 425°C. and 485°C., respectively. In each case the volatile products were caught in a series of cold traps and then further fractionated. It was established that in addition to large amounts of excess methyl borate, considerable amounts of acetylene were formed. One of the fractions obtained from the 485°C. run had a vapor pressure of 185 mm. at -109°C. (B^fr has a vapor pressure of 194 mm. at this temperature).
An analysis of this material in the mass spectograph failed to show any significant boron peaks. Analyses of other fractions were not completed, and the presence of higher boiling boranes has not been ruled out. However, it is known that methyl borate will undergo numerous cracking reactions in the presence of calcium hydride at these temperatures.
Discussion:
On the basis of the experimental work described above, we conclude that calcium borohydride can be prepared by the reaction of methyl borate and calcium hydride. It appears to be stable at room temperature in the solid form as well as in alkaline aqueous solutions. These observations indicate that it has an ionic character similar to sodium borohydride rather than magnesium borohydride. It is insoluble in ether and isopropyl amine and all attempts to separate it in the pure state from solvents such as water and liquid ammonia have resulted in nearly complete decomposition -5to calcium borate (, except for the very tedious "freeze drying" method reported in the ion exchange section of this report).
We believe that yields of borohydride by pressure bomb technique could be improved by (l) using a more reactive form of calcium hydride, The DMF procedure was modified by the addition of a second solvent in order to precipitate the product. Benzene, toluene, meta-xylene, mesitylene di-n-butyl amine, di-n-amyl amine, diethyl ether, and carbon tetrachloride were tried. Benzene had no effect, even in 60 to 1 excess, and carbon The etherate was distilled at a temperature of 65°C. and a pressure of 10-2 JJH^ ^ the distillate being collected in ampules and sealed off under vacuum. Hexagonal plates were obtained when the etherate was allowed to crystallize slowly.
The etherate was analyzed for aluminum by the aluminum oxide method and for chloride by gravimetric silver chloride. The glass ampules containing AlClo-0Et2 were opened under water to prevent loss of chloride by rapid HC1 evolution. The analytical results are summarized in Table II . Figure III is a plot of logioPjjjj, versus l/ T for AlCl3-0Et 2 . 
